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© An original data packet composed of (k x m - 
po) symbols x n lines is added to first parity sym- 
bols composed of po symbols x n lines and thereby 
a first error correction code sequence composed of 
(k x m) symbols x n lines is formed. Matrix symbols 
of the first error correction code sequence are di- 
vided into k blocks, each of which is composed of m 
symbols x n lines. The k divided blocks are posi- 
tioned as diagonal element blocks of a block matrix 



I&4.78.7) X M SEQUENCES 
041ft OF 1092 BYTES + PARITY OF W BYTES 
UNE0 C6^MN0 :DA1A SE0UEWCE 



composed of k blocks x k lines. While a first encod- 
ing process and a block positioning process are 
being performed for a plurality of original data pack- 
ets to be transmitted in succession, second parity 
symbols composed of pi symbols x n lines are 
added to the matrix composed of (k x m) symbols x 
n lines and thereby a second error correction code 
sequence composed of (k x m + pi) symbols x n 
lines is formed. 
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The present invention relates to an error cor- 
rection code encoding device applicable for record- 
ing and reproducing digital data. 

Error correction systems have been used for 
transmitting and recording digital data. In one sys- 
tem,. an error correction code (such as Reed Solo- 
mon code) is transformed into a product code. In 
another system, after or before a product code 
forming process is performed, data is interleaved. 

Fig. 17 is a schematic diagram showing an 
example of the product code. In the schematic 
diagram, a portion composed of m columns x n 
lines represents a two-dimensional data packet 
Referring to Rg. 17, a first correction code po is 
composed of q symbols x (n - p) lines. In addition, 
a second correction code pi is composed of m 
symbols x p lines. 

Fig. 18 is a schematic diagram showing an- 
other example of the product code. Referring to 
Fig. 18, a portion composed of {m - (q + p)} 
columns x n lines represents a two-dimensional 
data packet. In this example, a first correction code 
po is formed by diagonally scanning data that is 
composed of (m - p) columns x n lines. Thus, the 
first correction code po is composed of q symbols 
x n lines. In addition, a second correction code Pi 
is composed of p symbols x n lines. 

In the product code composed of two error 
correction codes, since each data symbol is con- 
tained in two error correction codes, even if one 
error correction code cannot be corrected, when 
the other error correction code can be corrected, 
repeating correction can be performed correspond- 
ing to the corrected result. In addition, correspond- 
ing to one error correction code that cannot be 
corrected, a lost pointer of the other error correc- 
tion code can be formed. Thus, even if there are 
many symbols to be corrected, lost error correction 
can be performed. 

On the other hand, in the data interleaving 
system, since a burst error is dispersed, a correct- 
able burst error can be increased. Thus, the data 
interleaving system has been used in most record- 
ing systems that are subject to burst errors. 

However, in any of the product code forming 
system and the data interleaving system, the en- 
coding device and the decoding device require 
memory and its control circuit suitable for the prod- 
uct code length and interleaving length, the con- 
struction of the devices that handle the long prod- 
uct code length and long interleaving length be- 
come complicated. 

In other words, the conventional devices that 
form the product code involving the interleaving 
process perform error correction code encoding 
process based on large data packets as shown in 
Figs. 17 and 18. Thus, when such devices process 
video signals or the like on real time basis, they 



require memories that store next packet data while 
they are performing the error correction code en- 
coding process. As with the encoding device, such 
a problem takes place in the decoding device. 

5 For example, in the case that the symbol 

length of the first error correction code sequence is 
84 as shown in Fig. 19, the conventional product 
code forming device that involves the interleaving 
process should provide interleaving delay devices 

10 1 to 83 that are disposed between the two error 
correction code forming devices so that the inter- 
leaving delay devices have different delay 
amounts. Thus, the number of delay devices to be 
used for the conventional devices is (symbol length 

75 of first error correction code sequence - 1). Con- 
sequently, codes with long code symbol length that 
has high error correction performance cannot be 
interleaved. 

The present invention is made so as to solve 
20 the above-described problem. An object of the 
present invention is to provide an error correction 
code encoding device and an error correction code 
decoding device that have simple circuit construc- 
tion for interleaving circuits and second encoding 
25 portions that are not largely affected by the product 
code length and interleaving length. 

Another object of the present invention is to 
provide, an error correction device and an error 
correction method that suppress the increase of the 
30 scale of the memory and control circuit of an 
encoding device and a decoding device even if the 
product code length and the interleave length in- 
crease. 

To accomplish the above-described object, the 

35 present invention is an error correction code en- 
coding device, comprising a first encoding means 
for adding first parity symbols composed of po 
symbols x n lines to an original data packet com- 
posed of (k x m - po) symbols x n lines and 

40 forming a first error correction code sequence 
composed of (k x m) symbols x n lines, where k, 
m, and n are any positive integers, po being a 
positive integer that is smaller than k x m, a block 
delay positioning means for dividing the matrix 

45 symbols of the first error correction code sequence 
formed by the first encoding means into k blocks, 
each of which is composed of m symbols x n lines, 
and positioning the k blocks as diagonal element 
blocks of a block matrix composed of k blocks x k 

50 lines, a means for controlling a first encoding pro- 
cess by the first encoding means and a block 
positioning process by the block delay positioning 
means for a plurality of original data packets to be 
transmitted in succession, a second encoding 

55 means for adding second parity symbols com- 
posed of pi symbols (where pi is any positive 
integer) x n lines to the matrix composed of (k x m) 
symbols x n lines that has been processed by the 
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block delay positioning means and forming a sec- 
ond error correction code sequence composed of 
(k x m + pi) symbols x n lines, and an output 
means for successively outputting the matrix sym- 
bols of the second error correction code sequence 
formed by the second encoding means every (k x 
m + pi) symbols at a time for n lines in the line 
direction of the matrix symbols. 

>According to the present invention, the block 
delay positioning means divides matrix symbols of 
the first error correction code sequence into k 
blocks, each of which is composed of m columns x 
n lines. Thereafter, the block delay positioning 
means positions the k divided blocks as diagonal 
element blocks of a block matrix composed of k 
blocks x k lines. 

The second encoding means adds the second 
parity symbols composed of pi symbols x n lines 
to the matrix composed of (k x m) symbols x n 
lines that have been processed by the block delay 
positioning means and forms the second error cor- 
rection code sequence composed of (k x m + pi) 
symbols x n lines. 

- To accomplish the above-described object, the 
present invention is a device for decoding error 
correction codes encoded by an error correction 
code encoding device for adding first parity sym- 
bols composed of po symbols x n lines to an 
original data packet, each of which is composed of 
(k x m - po) symbols x n lines, and forming a first 
error? correction code sequence composed of (k x 
m) symbols x n lines, where k, m, and n are any 
positive integers, po being a positive integer that is 
smaller than k x m, dividing the matrix symbols of 
the first error correction code sequence into k 
blocks, each of which is composed of m symbols x 
n lines, and positioning the k blocks as diagonal 
element blocks of a block matrix composed of k 
blocks x k lines, controlling a first encoding pro- 
cess and a block positioning process for a plurality 
of original data packets to be transmitted in suc- 
cession, adding second parity symbols composed 
of pi symbols (where pi is any positive integer) x n 
lines to the matrix composed of (k x m) symbols x 
n lines and forming a second error correction code 
sequence composed of (k x m + pi) symbols x n 
lines, and successively outputting the matrix sym- 
bols of the second error correction code sequence 
every (k x m + pi) symbols at a time for n lines in 
the line direction of the matrix symbols, the decod- 
ing device comprising a first decoding means for 
receiving the last encoded packet data and decod- 
ing n sequences of the second error correction 
code sequence for every (k x m + pi) symbols at a 
time, a block delay means for dividing n lines of 
the last encoded packet data that have been suc- 
cessively received into k blocks, each of which is 
composed of m symbols x n lines, delaying the k 



blocks with different delay amounts, and obtaining 
n sequences of the first error correction code se- 
quence, a second decoding means for decoding n 
sequences of the first error correction code se- 
5 quence that have been obtained by the block delay 
means, and a control means for causing the sec- 
ond decoding means to decode the n sequences of 
the first error correction code sequence and the 
first decoding means to decode the n sequences of 
w the second error correction code sequence. 

According to the present invention, the first 
decoding means receives the last decoded packet 
data from the error correction code encoding de- 
vice and decodes n sequences of the second error 
75 correction code sequence for every (k x m + pi) 
symbols at a time. The block delay means divides 
the last encoded packet data into k blocks, each of 
which is composed of m symbols x n lines and 
forms n sequences of the first error correction code 
20 sequence with difference delay amounts. The sec- 
ond decoding means decodes the n sequences of 
the first error correction code sequence. Last, the 
first decoding means decodes n sequences of the 
second correction code. 
25 Thus, according to the present invention, since 

error correction codes in product code construction 
are encoded and decoded through an interleaving 
process that is performed for each block composed 
of m symbols x n lines, even if the product code 
30 length and the interleaving length are increased, 
the increase of the storage capacity of the memory 
and the control circuit for the encoding device and 
the decoding device can be effectively suppressed. 
These and other objects, features and advan- 
35 tages of the present invention will become more 
apparent in light of the following detailed descrip- 
tion of best mode embodiments thereof, as illus- 
trated in the accompanying drawings. 

Fig. 1 is a schematic diagram for explaining an 
40 embodiment of the present invention, the sche- 
matic diagram showing an original data packet 
that has not been encoded; 
Fig. 2 is a schematic diagram showing a pro- 
cess for forming an outer code in an error 
45 correction process; 

Fig. 3 is a schematic diagram showing a block 
interleaving process according to an embodi- 
ment of the present invention; 
Fig. 4 is a schematic diagram showing an inner 
so code forming process in the error correction 
process; 

Fig. 5 is a block diagram showing the construc- 
tion of an encoding device according to the 
embodiment of the present invention; 
55 Fig. 6 is a schematic diagram showing the con- 
struction of last encoded packet data; 
Fig. 7 is a block diagram showing a decoding 
device according to the embodiment of the 
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present invention; 

Fig. B is a schematic diagram showing the con- 
struction of a delay device (memory) used in the 
decoding device of Fig. 7; 

Fig. 9 is a schematic diagram showing the con- 
struction of a delay device (memory) used in a 
decoding device according to another embodi- 
ment of the present invention; 
Fig. 10 is a schematic diagram for explaining 
the operation of the delay device (memory) of 
Fig. 9; 

Fig. 1 1 is a schematic diagram showing another 
data sequence of an original data packet matrix; 
Fig. 12 is a schematic diagram showing an 
example of an outer code parity forming opera- 
tion sequence; 

Fig. 13 is a schematic diagram showing a block 
interleaving process of the outer code parity 
forming operation sequence of Fig. 12; 
Fig. 14 is a schematic diagram showing another 
data sequence of the original data packet matrix; 
Fig. 15 is a schematic diagram showing another 
example of the outer code parity forming opera- 
tion sequence; 

Fig. 16 is a schematic diagram showing the 
block interleaving process in the case that the 
outer code parity generation operation sequence 
of Fig. 15 is used; 

Fig. 17 is a schematic diagram showing an 
example of a conventional product code; 
Fig. 18 is a schematic diagram showing another 
example of the conventional product code; and 
Fig. 19 is a schematic diagram for explaining 
the construction of a conventional encoding de- 
vice. 

Next, with reference to the accompanying 
drawings, an embodiment of the present invention 
will be described. 

Fig. 1 is a schematic diagram showing an 
original data packet that has not been encoded. 
The original data packet is composed of (6 x 14 - 
6) symbols x 14 lines. As denoted by arrows with 
dashed lines shown in Fig. 1, the data is positioned 
for 78 symbols from line 0, column 0 to line 1, 
column 77. Thereafter, the data is positioned for 86 
symbols from line 1, column 0 to line 1, column 77. 
In such a manner, the data is successively posi- 
tioned. 

To the original data packet matrix, as a first 
encoding process, first parity symbols po is added. 
The first parity symbols po are composed of 6 
symbols (that range from column 78 to column 83) 
x 14 lines. A first code is composed of 14 se- 
quences of an outer code, each of which is com- 
posed of 84 symbols. The first code is composed 
of for example 1 4 sequences of Reed Solomon (84, 
78, 7) code. 



Fig. 2 is a schematic diagram showing a pro- 
cess for forming 14 sequences of an outer code. 
Now, assume that the first code matrix is com- 
poses of 84 symbols (that range from column 0 to 

5 column 83) x 14 lines (thai range from line 0 to line 
13). In addition, the line 14 is rotated as line 0. 
Thus, lines exceeding line 14 are handled in the 
first code matrix composed of 84 symbols x 14 
lines. In the first code at line i (0 £ t £ 13), six first 

10 parity symbols are formed from 78 original data 
symbols that range from line i, column o to line (i 
+ 77), column 77. The six first parity symbols are 
positioned as six symbols that range from line (i + 
78), column 78 to line (i + 83), column 83. 

75 Thus, as denoted by the arrows with dashed 

lines shown in Fig. 2, the arrows represent two 
types of sequences, 14 code sequences are 
formed by diagonally scanning a matrix composed 
of 84 symbols x 14 lines. In detail, all the 14 code 

20 sequences are repeatedly formed every 14 sym- 
bols that are equivalent to the number of lines of 
the matrix. To form a product code, a second code 
should be intersected with a first code. However, 
one symbol of the first code cannot be contained in 

25 one symbol of the second code. 

To solve this problem, according to the em- 
bodiment of the present invention, a second code 
is intersected with a first code so as to form a 
product code. In addition, so as to improve a burst 

30 error correction performance, the first code is inter- 
leaved. In this case, since each of 14 sequences of 
the first code is periodically scanned every 14 
symbols that are equivalent to the number of lines 
of the matrix, the matrix is interleaved as blocks, 

35 each of which is composed of 14 lines x 14 col- 
umns. 

In other words, as shown in Fig. 3, 14 se- 
quences of the outer code that are composed of 84 
symbols x 14 lines are divided into six blocks, each 
40 of which is composed of 14 symbols x 14 lines. 
Thereafter, the divided six blocks are delayed by a 
♦ plurality of delay devices with different delay 
amounts. A block that includes column 0 is posi- 
tioned as a first block that is one diagonal element 
45 block at the upper left position of a block matrix 
composed of 6 blocks x 6 lines. 

Thereafter, the first encoding process and 
block delay positioning process are performed for a 
plurality of original data packets to be successively 
50 transmitted. In addition, a second parity symbol 
(inner code parity) pi composed of 6 symbols x 14 
lines is added to the matrix composed of (6x14) 
symbols x 14 lines. Thus, an inner code (second 
error correction code sequence) sequence com- 
as posed of (6 x 14 + 6) symbols x 14 lines is 
formed. The second error correction code se- 
quence (inner code) sequence is denoted by a 
frame 100 composed of 90 symbols x 14 lines as 
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shown in Fig. 3. The frame 100 is composed of for 
example 14 sequences of Reed Solomon (90, 80, 
7) code. As shown in Fig. 4, since this operation is 
performed for each line, the 14 lines of the original 
data packet can be sequentially transmitted as last 
encoded packet data. 

Fig. 5 is a schematic diagram showing a con- 
struction of a device that performs the above-de- 
scribed first encoding process, which formes the 
outer code, and the second encoding process, 
which forms the inner code. 

Referring to Fig. 5, the device comprises a first 
encoding device 11, a plurality of (for example, 
five) delay devices 12, 13, 14, 15, and 16, and a 
second encoding device 17. Original data packets, 
each of which is composed of 78 symbols x 14 
lines as shown in Fig. 1 , are successively input to 
the first encoding device 11, packet by packet. The 
first encoding device 11 performs a diagonally 
scanning operation for the original symbol matrix 
corresponding to the first encoding process and 
forms an outer code parity po composed of 6 
columns x 14 lines. In addition, the first encoding 
device 11 adds the outer code parity po to the 
original data packet and forms an outer code com- 
posed of 84 columns x 14 lines. 

Moreover, the first encoding device divides the 
outer code into six blocks 0 to 5, each of which is 
composed of 14 columns x 14 lines, and supplies 
the divided blocks to the delay devices 12, 13, 14, 
15, ^and 16 with delay amounts that are block 
numbers x 14 lines. In reality, since the delay 
amount of block number 0 is 0, only five delay 
devices are shown in Fig. 5. 

The six blocks that are output from the delay 
devices each contain one of six blocks of the outer 
code. It is clear that the symbol matrix composed 
of the six blocks is the same as the matrix com- 
posed of 84 columns x 14 lines in which the six 
sequences of the outer code have been block- 
interleaved as shown in Fig. 3. 

The symbol matrix composed of 84 columns x 
14 lines is input to the second encoding device 17. 
The second encoding device 17 performs a line- 
directional operation for the symbol matrix cor- 
responding to the second encoding process and 
adds the inner code parity pi composed of 6 col- 
umns x 14 lines to the symbol matrix. Thus, an 
inner code composed of 90 columns x 14 lines is 
formed. 

In this embodiment, as shown in Fig. 6, 90 
symbols for each line of the inner code are divided 
by 3 so as to form three synchronous frames F 
(denoted as hatched portions in Fig. 6). The syn-. 
chronous frames F contain frame synchronous sig- 
nals (DCC + SYNC). The frame synchronous sig- 
nals are positioned at the beginning of the synchro- 
nous frames F. 



Next, a device that decodes data that has been 
encoded with error correction codes by the error 
correction code encoding device will be described. 

Fig. 7 is a block diagram showing the construc- 
5 tion of the decoding device. Referring to Fig. 7, the 
decoding device comprises a second code (inner 
code) decoding device 21, a delay device (mem- 
ory) 22, and a first code (outer code) decoding 
device 23. 

w Data that is output from the error correction 

code encoding device is received by the decoding 
device through for example a communication line. 
The received data is input to the delay device 
(memory) formed in a matrix shape as shown in 

75 Fig. 8. The sequences of the first code are iden- 
tified by alphabetical letters A, B, C, D, E, and F. 
On the other hand, the blocks of the first code are 
identified by numerals 0 to 5. Six blocks AO, F1, 
E2, D3, C4, and B5 of line 1 of Fig. 8 that are 

20 surrounded by thick lines are first packet data that 
is composed of 90 symbols x 14 lines. Thereafter, 
second packet data, third packet data, and so forth 
that are received are input to the second line, the 
third line, and so forth. 

25 The second code decoding device 21 decodes 

the second code (inner code) every packet data 
composed of 90 symbols x 14 lines and outputs a 
symbol matrix composed of 84 symbols x 14 lines. 
After the line 6 of the second code (namely, sixth 

30 packet) has been decoded, the decoding device 23 
decodes the first code (outer code). In other words, 
the decoding device 23 decodes the outer code 
composed of blocks AO, A1, A2, A3, A4, and A5 
that are composed of 84 symbols x 14 lines. 

35 In the real operation, while data is being de- 

coded, packet data composed of 90 symbols x 14 
lines denoted by dashed lines of Fig. 8 is input to 
the second code decoding device 21. Thus, the 
delay device (memory) 22 requires the storage 

40 capacity for 6 blocks x (6 lines + 1 line). 

After 14 sequences of the outer code com- 
posed of blocks AO, A1, A2, A3, A4, and A5 have 
been decoded, the second code decoding device 
21 decodes 14 sequences of the second code 

45 (inner code). Thus, code words that have not been 
corrected in the second code (inner code) decod- 
ing process and the first code (outer code) decod- 
ing process are corrected. Last, the original data 
packet is extracted from the matrix composed of 

so the blocks AO, A1, A2, A3, and A4. 

The delay device (memory) 22 can be shared 
between the encoding process and the decoding 
process. 

As described above, according to the embodi- 
55 ment of the present invention, even if the product 
code length and the interleaving length are in- 
creased for improving the error correction perfor- 
mance, the amount of the memory and the scale of 



5 



9 



EP 0 674 395 A2 



10 



control circuit for the encoding device and the 
decoding device can be effectively reduced. 

Next, an decoding device according to another 
embodiment of the present invention will be de- 
scribed. In the decoding device, a third decoding 5 
process is more securely performed than that of 
the above-described embodiment. 

In the decoding device according to this em- 
bodiment, packet data composed of 90 symbols x 
14 lines is input to a delay device (memory) that 10 
has a storage capacity of (6 blocks x 7 lines + 15 
blocks) as shown in Fig. 9. In Fig. 9, blocks AO, F1 , 
E2, D3, C4, and B5 that are denoted by dashed 
lines are packet data that has been received first 
time. After one line of the packet data has been 75 
written, it is shifted upward for one line and the 
next six blocks are written to the portion denoted 
by the dashed lines. 

The second code decoding device decodes a 
second code (inner codes) every packet data that 20 
is composed of 90 symbols x 14 lines and forms a 
symbol matrix that is composed of 84 symbols x 
14 lines. After line 6 of the second code (namely, 
sixth packet data) has been decoded, a first code 
(outer code) is decoded. In other words, the outer 25 
code composed of blocks AO, A1. A2, A3, A4, and 
A5 that are composed of 84 symbols x 14 lines are 
decoded. 

In the real operation, while data is being de- 
coded, packet data composed of 90 symbols x 14 30 
lines is newly input. 

After the 14 sequences of the outer code com- 
posed of blocks AO, A1 , A2, A3, A4, and A5 have 
been decoded, the 14 sequences of the second 
code (inner code) denoted by thick lines of Fig. 9 35 
are decoded as a third decoding process. Thus, 
code words that have not been corrected by the 
second code decoding process and the first code 
decoding process are corrected. 

After the third decoding process has been 40 
completed, each line is shifted upward for one line 
and newly received data is written to the portion 
denoted by the dashed line of Fig. 9. When such 
an operation is performed six times for six blocks, 
each block is positioned in the delay device (mem- 45 
ory) as shown in Fig. 10. Last, the original data 
packet composed of 78 symbols x 14 lines is 
extracted from the matrix of the blocks AO, Al , A2, 
A3, A4, and A5. 

As shown in Fig. 11, data of original data 50 
packet matrix that is composed of 78 symbols x 14 
lines and that has not been encoded may be 
positioned in the order of line 13 to line 0 of each 
column as denoted by arrows A with dashed lines 
of Fig. 11. Alternatively, the data may be position in 55 
the order of line 0 to line 13 of each column. As a 
further alternative manner, as shown in Fig. 12, the 
direction of the parity forming operation of the 



outer code composed of 6 symbols x 14 lines by 
the first encoding device 11 may be a diagonal 
direction in the reverse direction of Fig. 2. Fig. 13 
is a schematic diagram showing a block interleav- 
ing process in this case. The block interleaving 
process in this case is basically the same as that 
of the above-described embodiment. 

As a further embodiment, as shown in Fig. 14, 
1092 symbols of an original data packet composed 
of 78 symbols x 14 lines may be positioned in the 
outer code composed of 84 symbols x 14 lines in 
such a manner that 84 symbols are positioned in 
the order of column 0 to column 83 for each of line 
0 to line 7 and 70 symbols are positioned in the 
order of column 0 to column 69 for each of line 8 
to line 13. Alternatively, 196 symbols are posi- 
tioned in the order of column 0 to column 13 for 
each of line 0 to 14 for the first five blocks and 112 
symbols are positioned in the order of column 0 to 
column 13 for each of line 0 to line 7 for the last 
block. In this case, the present invention can be 
applied. In this case, the outer code parity forming 
operation is performed in the direction of the col- 
umns of the data as shown in Fig. 15 so that 14 
sequences of the outer code parity by the first 
encoding device 11 are added to the first block 
composed of 6 symbols x 14 lines. Fig. 16 shows 
the block interleaving process in this case. The 
block interleaving process in this case is the same 
as that of the above-described embodiment. 

As described above, according to the present 
invention, the interleaving circuit and the second 
encoding circuit can be simplified without being 
affected by the product code length and the inter- 
leaving length. 

Although the present invention has been shown 
and described with respect to best mode embodi- 
ments thereof, it should be understood by those 
skilled in the art that the foregoing and various 
other changes, omissions, and additions in the form 
and detail thereof may be made therein without 
departing from the spirit and scope of the present 
invention. 

Claims 

1. An error correction code encoding device, 
comprising: 

first encoding means for adding first parity 
symbols composed of po symbols x n lines to 
an original data packet composed of (k x m - 
po) symbols x n lines and forming a first error 
correction code sequence composed of (k x 
m) symbols x n lines, where k, m, and n are 
any positive integers, po being a positive in- 
teger that is smaller than k x m. 

block delay positioning means for dividing 
the matrix symbols of the first error correction 
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code sequence formed by said first encoding 
means into k blocks, each of which is com- 
posed of m symbols x n lines, and positioning 
the k blocks as diagonal element blocks of a 
block matrix composed of k blocks x k lines; 5 

means for successively controlling a first 
encoding process by said first encoding 
means and a block positioning process by said 
block delay positioning means for a plurality of 
original data packets to be transmitted in sue- w 
cession; 

second encoding means for adding sec- 
ond parity symbols composed of pi symbols 
(where pi is any positive integer) x n lines to 
the matrix composed of (k x m) symbols x n 75 
lines that has been processed by said block 
delay positioning means and forming a second 
error correction code sequence composed of 
(k x m + pi) symbols x n lines; and 

output means for successively outputting 20 
the matrix symbols of the second error correc- 
tion code sequence formed by said second 
encoding means every (k x m + pi) symbols 
at a time for n lines in the line direction of the 
matrix symbols. 25 

The error correction code encoding device as 
set forth in claim 1, 

■i- wherein a symbol group composing the 
original packet data is successively positioned 30 
in the line direction thereof. 

The error correction code encoding device as 
set forth in claim 1, 

wherein a symbol group composing the 35 
original packet data is successive positioned in 
the column direction thereof. 

The error correction code encoding device as 

set forth in claim 1, 40 

wherein the symbols of the original packet 
data are positioned in the line direction [m 
symbols x n lines x {(k x m - po) / m}] times 
and in the column direction [{(k x m - po) mod 
m} symbols x n lines x 1}] times. 45 

The error correction code encoding device as 
set forth in claim 1, 

wherein said first encoding means is 
adapted for rotating and positioning line 0 to a 50 
line equivalent to line number n and forming a 
ring-shaped matrix so as to handle lines larger 
than the line n, forming po first parity symbols 
from (k x m - po) original data symbols in the 
range from line i, column 0 to line (i + k x m - 55 
po - 1), column (k x m - po - 1), and position- 
ing po symbols from line (i + k x m - po), 
column (k x m - po) to line (i + k x m - 1), 



column (k x m - 1), where the matrix com- 
posed of (k x m) symbols x n lines contains 
the original data packet matrix at the left end 
thereof and ranges from line 0 to line (n - 1) 
and from column 0 to column (k x m - 1). 

6. The error correction code encoding device as 
set forth in claim 1 , 

wherein said first encoding means is 
adapted for transforming each symbol that is a 
matrix element of (k x m) symbols x n lines 
containing the original data packet matrix at 
the left end thereof into a transform matrix 
composed of n lines of the first error correction 
code sequence so that one line composes one 
sequence of the first error correction code 
sequence, adding po first parity symbols to 
each line of the transform matrix, and retrans- 
forming the resultant matrix into the original 
matrix composed of (k x m) symbols x n lines. 

7. The error correction code encoding device as 
set forth in claim 1, 

wherein said second encoding means is 
adapted for adding pi second parity symbols 
to each line of the (k x m) symbols x n lines of 
the block delay positioning process by said 
block delay positioning means. 

8. The error correction code encoding device as 
set forth in claim 1, 

wherein the first error correction code se- 
quence is composed of (k x m) symbols x n 
lines, where m is equal to n. 

9. The error correction code encoding device as 
set forth in claim 8, 

wherein symbols of the original packet 
data are positioned in the line direction [n 
symbols x n lines x {(k x n - po)} / n] times 
and in the column direction [n symbols x {(k x 
n - po) mod n} lines x 1] times. 

10. The error correction code encoding device as 
set forth in claim 8, 

wherein said first encoding means is 
adapted for forming an i-th first error correction 
code sequence as a code word containing po 
first parity symbols after (k x n) symbols rang- 
ing from column i, line o to column (j x n + 1), 
line (n - 1), where j is in the range from 1 to (k 
- 1), when the matrix composed of (k x n) 
symbols x n lines that contains the original 
data packet matrix composed of (k x n - po) 
symbols x n lines at the left end thereof ranges 
from line o to line (n - 1) and from column o to 
column (k x n - 1). 
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11. The error correction code encoding device as 
set forth in claim 1 , 

wherein said output means is adapted for 
forming a synchronous frame with the length of 
1 / n of (k x m + pi) symbols that is the code 5 
length of one sequence of the second error 
correction code sequence. 

12. The error correction code encoding device as 

set forth in claim 1, 70 

wherein all the lines are substituted with all 
the columns. 

13. An error correction code encoding method, 
comprising the steps of: 75 

adding first parity symbols composed of 
po symbols x n lines to a plurality of original 
data packets, each of which is successively- 
transmitted and composed of (k x m - po) 
symbols x n lines, and forming a first error 20 
correction code sequence composed of (k x 
m) symbols x n lines, where k, m, and n are 
any positive integers, po being a positive in- 
teger that is smaller than k x m. 

dividing the matrix symbols of the first 25 
error correction code sequence formed by said 
first encoding step into k blocks, each of which 
is composed of m symbols x n lines, and 
positioning the k blocks as diagonal element 
blocks of a block matrix composed of k blocks 30 
x k lines; 

successively controlling a first encoding 
process by said first encoding step and a 
block positioning process by said block delay 
positioning step for a plurality of original data 35 
packets to be transmitted in succession; 

adding second parity symbols composed 
of pi symbols (where pi is any positive integer) 
x n lines to the matrix composed of (k x m) 
symbols x n lines that has been processed by 40 
said block delay positioning step and forming a 
second error correction code sequence com- 
posed of (k x m + pi) symbols x n lines; and 

successively outputting the matrix symbols 
of the second error correction code sequence 45 
formed by said second encoding step every (k 
x m + pi) symbols at a time for n lines in the 
line direction of the matrix symbols. 

14. A device for decoding error correction codes so 
encoded by an error correction code encoding 
device for adding first parity symbols com- 
posed of po symbols x n lines to an original 
data packet, each of which is composed of (k x 

m - po) symbols x n lines, and forming a first 55 
error correction code sequence composed of 
(k x m) symbols x n lines, where k, m, and n 
are any positive integers, po being a positive 



integer that is smaller than k x m; 

dividing the matrix symbols of the first 
error correction code sequence into k blocks, 
each of which is composed of m symbols x n 
lines, and positioning the k blocks as diagonal 
element blocks of a block matrix composed of 
k blocks x k lines; 

successively controlling a first encoding 
process and a block positioning process for a 
plurality of original data packets to be transmit- 
ted in succession; 

adding second parity symbols composed 
of pi symbols (where pi is any positive integer) 
x n lines to the matrix composed of (k x m) 
symbols x n lines and forming a second error 
correction code sequence composed of (k x m 
+ pi) symbols x n lines; and 

successively outputting the matrix symbols 
of the second error correction code sequence 
every (k x m + pi) symbols at a time for n 
lines in the line direction of the matrix sym- 
bols, said decoding device comprising: 

first decoding means for receiving the last 
encoded packet data and decoding n se- 
quences of the second error correction code 
sequence for every (k x m + pi) symbols at a 
time; 

block delay means for dividing n lines of 
the last encoded packet data that have been 
successively received into k blocks, each of 
which is composed of m symbols' x n lines, 
delaying the k blocks with different delay 
amounts, and obtaining n sequences of the 
first error correction code sequence; and 

second decoding means for decoding n 
sequences of the first error correction code 
sequence that have been obtained by said 
block delay means. 

15. A device for decoding error correction codes 
encoded by an error correction code encoding 
device for adding first parity symbols com- 
posed of po symbols x n lines to an original 
data packet, each of which is composed of (k x 
m - po) symbols x n lines, and forming a first 
error correction code sequence composed of 
(k x m) symbols x n lines, where k, m, and n 
are any positive integers, po being a positive 
integer that is smaller than k x m; 

dividing the matrix symbols of the first 
error correction code sequence into k blocks, 
each of which is composed of m symbols x n 
lines, and positioning the k blocks as diagonal 
element blocks of a block matrix composed of 
k blocks x k lines; 

successively controlling a first encoding 
process and a block positioning process for a 
plurality of original data packets to be transmit- 
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ted in succession; 

adding second parity symbols composed 
of pi symbols (where pi is any positive integer) 
x n lines to the matrix composed of (k x m) 
symbols x n lines and forming a second error 5 
correction code sequence composed of (k x m 
+ pi) symbols x n lines; and 

successively outputting the matrix symbols 
of the second error correction code sequence 
every (k x m + pi) symbols at a time for n io 
lines in the line direction of the matrix sym- 
bols, said decoding device comprising: 

first decoding means for receiving the last 
encoded packet data and decoding n se- 
quences of the second error correction code 75 
sequence for every (k x m + pi) symbols at a 
time; 

block delay means for dividing n lines of 
the last encoded packet data that have been 
successively received into k blocks, each of 20 
which is composed of m symbols x n lines, 
delaying the k blocks with different delay 
amounts, and obtaining n sequences of the 
first error correction code sequence; 

second decoding means for decoding n 25 
sequences of the first error correction code 
sequence that have been obtained by said 
block delay means; and 

control means for causing said second de- 
coding means to decode the n sequences of 30 
the first error correction code sequence and 
said first decoding means to decode the n 
sequences of the second error correction code 
sequence. 

35 

16. A method for decoding error correction codes 
encoded by an error correction code encoding 
device for 

adding first parity symbols composed of 
po symbols x n lines to an original data packet, 40 
each of which is composed of (k x m - po) 
symbols x n lines, and forming a first error 
correction code sequence composed of (k x 
m) symbols x n lines, where k, m, and n are 
any positive integers, po being a positive in- 45 
teger that is smaller than k x m; 

dividing the matrix symbols of the first 
error correction code sequence into k blocks, 
each of which is composed of m symbols x n 
lines, and positioning the k blocks as diagonal so 
element blocks of a block matrix composed of 
k blocks x k lines; 

successively controlling a first encoding 
process and a block positioning process for a 
plurality of original data packets to be transmit- 55 
ted in succession; 

adding second parity symbols composed 
of pi symbols (where pi is any positive integer) 
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x n lines to the matrix composed of (k x m) 
symbols x n lines and forming a second error 
correction code sequence composed of (k x m 
+ pi) symbols x n lines; and 

successively outputting the matrix symbols 
of the second error correction code sequence 
every (k x m + pi) symbols at a time for n 
lines in the line direction of the matrix sym- 
bols, said decoding method comprising the 
steps of: 

receiving the last encoded packet data and 
decoding n sequences of the second error 
correction code sequence for every (k x m + 
pi) symbols at a time; 

dividing n lines of the last encoded packet 
data that have been successively received into 
k blocks, each of which is composed of m 
symbols x n lines, delaying the k blocks with 
different delay amounts, and obtaining n se- 
quences of the first error correction code se- 
quence; and 

decoding n sequences of the first error 
correction code sequence that have been ob- 
tained by said block delay means. 

17. A method for decoding error correction codes 
encoded by an error correction code encoding 
device for 

adding first parity symbols composed of 
po symbols x n lines to an original data packet, 
each of which is composed of (k x m - po) 
symbols x n lines, and forming a first error 
correction code sequence composed of (k x 
m) symbols x n lines, where k, m, and n are 
any positive integers, po being a positive in- 
teger that is smaller than k x m; 

dividing the matrix symbols of the first 
error correction code sequence into k blocks, 
each of which is composed of m symbols x n 
lines, and positioning the k blocks as diagonal 
element blocks of a block matrix composed of 
k blocks x k lines; 

successively controlling a first encoding 
process and a block positioning process for a 
plurality of original data packets to be transmit- 
ted in succession; 

adding second parity symbols composed 
of pi symbols (where pi is any positive integer) 
x n lines to the matrix composed of (k x m) 
symbols x n lines and forming a second error 
correction code sequence composed of (k x m 
+ pi) symbols x n lines; and 

successively outputting the matrix symbols 
of the second error correction code sequence 
every (k x m + pi) symbols at a time for n 
lines in the line direction of the matrix sym- 
bols, said decoding method comprising the 
steps of: 
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receiving the last encoded packet data and 
decoding n sequences of the second error 
correction code sequence for every (k x m + 
pi) symbols at a time; 

dividing n lines of the last encoded packet 5 
data that have been successively received into 
k blocks, each of which is composed of m 
symbols x n lines, delaying the k blocks with 
different delay amounts, and obtaining n se- 
quences of the first error correction code se- io 
quence; 

decoding n sequences of the first error 
correction code sequence that have been ob- 
tained by said block delay means; and 

causing said second decoding means to 75 
decode the n sequences of the first error cor- 
rection code sequence and said first decoding 
means to decode the n sequences of the sec- 
ond error correction code sequence. 

20 



25 



30 



35 



40 



45 



50 



55 



EP 0 674 395 A2 



CO 



LU 



>- 

CO 



ocl x 



8 



cr> 

LU 
O 

UJ 

o 

LU 

CO 

X 
CO 

s 



CO 



CD 



CO 

u_ 

O 
>- 

£ UJ 

+ o 

CO UJ 
LU CO 



>- 
mi 

cr> 
O 



<i 
o 



rf2 

ii 



o 

LU 



/ 



c 



11 



EP 0 674 395 A2 





13 



EP 0 674 395 A2 




EP 0 674 395 A2 




to 



CO 

o 

CD 



CO 

o 



2 



O 



Dwcnnrirv ,cd nA7^-«mA9 i ■» 



15 



EP 0 674 395 A2 




EP 0 674 395 A2 



FIG. 7 



RECEIVED DATA PACKET (90 SYMBOLS X 14 LINES) 
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a f irst error correction code sequence composed of (k x 
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k divided blocks are positioned as diagonal element 
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While a first encoding process anc^a block positioning 
process are being performed for a plurality of original 
data packets to be transmitted in succession, second 
parity symbols composed of pi symbols x n lines are 
added to the matrix composed of (k x m) symbols x n 
lines and thereby a second error correction code 
sequence composed of (k x m + pi) symbols x n lines is 
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